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Abstract: In this paper, we present a new approach to study the high frequency wave propagation inside a 
corridor by parabolic equation (PE) method. The configurations which often occur in corridor structures 
such as narrowing of the cross section which simulates presence of obstacles or furniture such as 
cupboards and the effect of variations of the corridor direction are been treated.  
 
1. Introduction 
The performance of a wireless communication system strongly depends on the electromagnetic properties 
of the propagation medium. During the past decades, many theoretical and empirical (measurement 
based) models have been proposed for studying radio wave propagation in indoor environments. In 
statistical analysis, local fluctuations are neglected. Site-specific methods such as ray-based methods and 
full-wave analysis methods are attempted to solve an approximate version of the problem which yield 
more accurate results than the empirical ones. Corridors are one of the popular architectural elements of 
buildings, so analysis of radio wave propagation in corridors is one of the problems that have involved 
many researchers. In a corridor, the effect of walls and obstacles affect the propagation properties of 
electromagnetic waves. Some of the researchers have measured the propagation properties of radio waves 
inside a corridor [1], [2]. Ray based methods have been used by the others to simulate wave propagation 
[3], [4]. 
In this paper, we propos a parabolic equation method (PEM) capable of modelling, in a satisfactory way, 
wave propagation inside a corridor. PEM is a full-wave fast technique which allows accurate modelling of 
the corridor geometry and its electrical parameters. A parabolic equation can be solved by marching 
algorithms which need far less computation resources than a full elliptic equation. Corridors of the 
buildings are not often empty. There are many different obstacles such as cupboards and cabinets in a 
corridor. We model the effect of such obstacles by reducing locally the cross section of the corridor. 
Variations of the corridor direction can be observed in most buildings. In order to model the wave 
propagation in such corridors, we use the domain decomposition. In this technique, the field computed in 
a sub-domain becomes the starting field for the subsequent calculation in the adjacent sub-domain. 
 
2. Formulation 
Helmholtz equation can be approximated by a parabolic form which can be solved with marching 
methods. This approximation can be used for problems which have some preferred direction of 
propagation or paraxial direction. The solution of the Helmholtz equation can be obtained as the product 
of a fast varying phase term and a slow-varying function along the paraxial direction: 
xikezxuzx 0),(),( =Ψ                                                               (1)  
where we assume )exp( tiω−  time-dependence of the fields and 0k  is the wave number in free-space. In 
terms of the reduced function u  and by factorization with respect to 
x∂
∂  the scalar wave equation can be 
written as [5]:  
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This is a parabolic like differential equation that has the formal solution: 
( )[ ] ),(11exp),( 0 zxuZxikzxxu ++−∆=∆+                                        (4) 
For the numerical implementation of Equation (4), the exponential operator has to be approximated. The 
accuracy and stability of the solution depend on the approximation of the exponential and the square root 
operators. In this paper we use Padé (2,1) approximation for wide-angle exponential operator which can 
model wave propagation up to o45±  of the paraxial direction, accurately [5]. This scheme is 
unconditionally stable and very efficient numerically. Application of Padé (2,1) approximation to 
Equation (4), results in the following equation:    
( ) ( ) ),(1),(1 2 zxuaZzxxucZbZ +=∆+++                                         (5) 
with ( ) ( )
( )
( ) xki
ic
i
b
i
ia ∆=
+
+
−=
+
+
=
+
++−
= 0
222
,
124
3,
16
32,
16
33 δ
δ
δδ
δ
δ
δ
δδ .                       
In order to have a complete system, we need to include equations at the top and bottom of the domain. For 
this kind of problem, we use Leontovich impedance boundary condition to describe the electrical 
properties of the walls, which links the value of the field at the interface to its normal derivative [6]: 
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where π1200 =Z  is free-space impedance and sZ  is the surface impedance of the wall. After 
discretisation, the first order polynomial operators correspond to tridiagonal matrices, while second order 
polynomial operators become pentadiagonal matrices. With this complete system of equation, the forward 
propagating field at a given range is obtained from the field at previous range. In other words, solution is 
marched in range. 
 
3. Numerical results 
Wave propagation in the corridor environment is one of the problems that can be handled by the method 
of parabolic equation.  In order to validate using PE approach for modelling radio wave propagation 
inside a corridor, we consider a vertically polarized Gaussian source with the beam width of o15  located 
between two parallel perfect electric conductor plates. The space between the two plates is 2m wide, as 
shown in Figure 1. The transmitter operating at 3 GHz is fixed at the position )2.1,0(),( mzx tt = , while the 
receiver at )6.1,(),( mxzx rr =  moves horizontally. The computed ratio of received power to transmitted 
power tr P/P  in dB by the mode theory and PEM are shown in Figure 2. It is seen that the agreement 
between two results are very good. 
In the next step we study the effect of presence of obstacles in the corridor. We can model these 
conditions by local variations of the cross section of corridor. Figure 3 shows the configuration used for 
studying this effect. For the simulation we use the same source in a 3 m wide corridor. The electric 
constant of the walls material is σλεε 60ir −= , with 4=rε  and ms /02.0=σ . The transmitter location 
is at  )3.2,0(),( mzx tt =  and the receiver at )5.2,(),( mxzx rr =  moves horizontally. There is a width 
reduction in corridor at 5 m distance from the transmitter, where the corridor width reduces to 2 m. In 
Figure 4, computed tr PP /  for an empty and the obstructed corridor are shown. As can be seen in this 
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Figure 1: Two-dimensional corridor. 
 
 
 
Figure 2: Normalized received power versus distance 
x from Tx in a corridor. 
 
 
figure, inside the obstructed corridor just in front of the obstacle, the normalized power is much less than 
that inside the empty corridor. As the receiver moves away from the obstacle, the normalized received 
power increases.  
In most of the office buildings, change in the corridor direction is very common. The geometrical model 
of such a configuration is shown in Figure 5. In this case, the transmitter is located in corridor I, while the 
receiver moves along a path in corridor II which is perpendicular to the direction of propagation in 
corridor I. In this case, corridor II is considered as a sub-domain of the whole propagation environment. 
In the first step of the computation, the field is calculated at the mesh points along the lines which 
separate the corridor I from the corridor II. These field values are used as the initial field for subsequent 
calculation of the field in corridor II, where the propagation direction is along the z axis. This technique is 
called “with overlapping” [7]. In order to validate this technique, we compute the electric field 
distribution along the centre line of corridor II and compare the results with those obtained by “finite 
volume time domain” (FVTD) [8]. We assume that corridor I is excited by the dominant TE mode of the 
parallel-plate waveguide. The operating frequency is 9.35 GHz. The relative permittivity and conductivity 
of the concrete walls are 7=rε  and ms /521.0=σ . The widths of corridors I and II are λ8.21 =a  and 
λ7.42 =a , respectively. The numerical results of electric field distribution along the centre line of 
corridor II is plotted in Figure 6. The field distribution is shown only for the right hand side of corridor II 
because of the symmetry of the structure. Good agreement between PEM results and FVTD results can be 
seen.           
 
4. Conclusions 
A parabolic equation approach to investigate radio wave propagation in an obstructed corridor and a 
corridor with two different directions has been proposed. The comparison of propagation losses between 
our PEM and exact modal theory in a corridor with PEC boundaries has shown that PEM is a good tool 
for the analysis of radio wave propagation within corridors. On the other hand, the comparison of our 
numerical results and reported results has shown that PE method can work accurately for modelling wave 
propagation in those corridors that branch into two different directions.  
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Figure 3: Configuration of an obstructed corridor. 
 
 
 
 
Figure 4: Normalized received power versus distance 
x from Tx in an empty and in an obstructed corridor . 
 
 
 
 
Figure 5: Change in the corridor direction. 
 
 
 
 
Figure 6: Electric field distributions along the centre 
line of corridor II calculated by PE and by FVTD. 
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